Super-luminous supernovae [1] [2] [3] [4] that radiate more than 10 44 ergs per second at their peak luminosity have recently been discovered in faint galaxies at redshifts of 0.1-4. Some evolve slowly, resembling models of 'pair-instability' supernovae 5, 6 . Such models involve stars with original masses 140-260 times that of the Sun that now have carbon-oxygen cores of 65-130 solar masses. In these stars, the photons that prevent gravitational collapse are converted to electron-positron pairs, causing rapid contraction and thermonuclear explosions. Many solar masses of 56 Ni are synthesized; this isotope decays to 56 Fe via 56 Co, powering bright light curves 7, 8 . Such massive progenitors are expected to have formed from metal-poor gas in the early Universe 9 . Recently, supernova 2007bi in a galaxy at redshift 0.127 (about 12 billion years after the Big Bang) with a metallicity one-third that of the Sun was observed to look like a fading pair-instability supernova 1, 10 . Here we report observations of two slow-to-fade super-luminous supernovae that show relatively fast rise times and blue colours, which are incompatible with pair-instability models. Their late-time light-curve and spectral similarities to supernova 2007bi call the nature of that event into question. Our early spectra closely resemble typical fast-declining super-luminous supernovae 2, 11, 12 , which are not powered by radioactivity. Modelling our observations with 10-16 solar masses of magnetar-energized 13, 14 ejecta demonstrates the possibility of a common explosion mechanism. The lack of unambiguous nearby pair-instability events suggests that their local rate of occurrence is less than 6 3 10 26 times that of the core-collapse rate.
The discovery of a luminous transient, PTF Tables 1-3 , Extended Data Fig. 1 ) marked out PTF 12dam and PS1-11ap as potential SN 2007bi-like events: that is, they could be pair-instability supernova (PISN) candidates discovered soon after explosion. SN 2007bi was discovered well after maximum light. Although the peak was recovered in the R band 1 , the light-curve rise and early spectra were missed. Because of the long diffusion timescale associated with the very massive ejecta in PISN models, the time to reach maximum light (> 100 days) is a crucial observational test. The rise time for SN 2007bi was estimated at 77 days (ref. 1), but this was based on a parabolic fit to the data around the peak, and so was not well constrained. Our Pan-STARRS1 images reveal multiple early detections of PTF 12dam and PS1-11ap in g P1 , r P1 and i P1 bands at around 50 and 35 rest-frame days before peak brightness, respectively (Extended Data Fig. 2 ). PTF 12dam is not detected in z P1 images on 1 January 2012, 132 days before the peak. Although their light curves match the declining phases of SN 2007bi and the PISN models quite well, PTF 12dam and PS1-11ap rise to maximum light a factor of ,2 faster than these models.
The spectra of PTF 12dam and PS1-11ap show them to be similar supernovae. After 50 days from the respective light curve peaks, these spectra are almost identical to that of SN 2007bi at the same epoch (Fig. 2 , Extended Data Table 4 , Extended Data Fig. 3 ). The blue colours are in stark contrast to the predictions of PISN models 7, 8 (Fig. 3 , Extended Data Fig. 4 ), which show much cooler continua below 5,000 Å and marked drop-offs in the ultraviolet. Particularly around and after maximum light, PISN colours are expected to evolve to the red owing to increasing blanketing by iron group elements 7, 8 abundant in their ejecta. We see no evidence of line blanketing in our spectra, even down to 2,000 Å (rest frame) in PS1-11ap, which suggests lower iron group abundances and a higher degree of ionization than in PISN models. Such conditions are fulfilled in models of ejecta reheated by magnetarshighly magnetic, rapidly rotating nascent pulsars 13, 16, 17 . The pressure of the magnetar wind on the inner ejecta can form a dense shell 13, 14, 17 at near-constant photospheric velocity. For PTF 12dam, the velocities of spectral lines are close to 10,000 km s 21 at all times. Intriguingly, the early spectra of our objects are very similar to those of superluminous supernovae of type I (refs 2, 11, 12) and evolve in the same way, but on longer timescales and with lower line velocities (Fig. 2) . 1, 8, 9 . In the work reported in ref. 1 , an additional 37M [ in total of Ne, Si, S, and Ar were added to the model, providing a total ejecta mass consistent with a PISN. However, this was not directly measured 1 , because these elements lack any identified lines. These constraints are important, so we investigated line formation in this phase using our own non-local thermodynamic equilibrium code 19 (Extended Data Fig. 5 . Also shown are synthetic SDSS r-band light curves (solid lines) generated from published one-dimensional models 7, 8 of PISNs from 100-130M [ stripped helium cores. These fit the decline phase well, but do not match our early observations. The rise time of a PISN is necessarily long (rising 2.5 mag to peak in 95-130 days), because heating from 56 Ni/ 56 Co decay occurs in the inner regions, and the resultant radiation must then diffuse through the outer ejecta, which typically has mass .80M [ (ref. 7) . Models with higher-dimensional outward mixing of 56 Ni are likely to show even shallower gradients in the rising phase, while as-yet unexplored parameters such as rotation and magnetic fields will have little effect on the diffusion timescale, which is set by the mass, kinetic energy and opacity of the ejecta (see Supplementary Information section 5.2). The pre-peak photometry of PTF 12dam and PS1-11ap shows only a moderately slow rise over 50-60 days, which is therefore physically inconsistent with the PISN models. Error bars, 61s. , although the lines in the slowly evolving objects are at lower velocities than are typically seen in those events. b, Shortly after peak, Fe III features emerge, along with the Mg II and Ca II lines that dominate superluminous type I supernovae at this phase. c, By 55 days after peak, PTF 12dam is almost identical to SN 2007bi. We note that these objects still closely resemble SN 2010gx, but seem to be evolving on longer timescales (consistent with the slower light-curve evolution). d, At ,100 days, PTF 12dam also matches PTF09cnd 
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power PTF 12dam radioactively, we constructed a bolometric light curve from our near-ultraviolet to near-infrared photometry (Fig. 4) . PTF 12dam is brighter than SN 2007bi, and fitting it with radioactively powered diffusion models 18, 20 requires ,15M [ of 56 Ni in ,15-50M [ of ejecta -combinations that are not produced in any physical model (Extended Data Fig. 6 ; Supplementary Information section 5.1). Furthermore, such large nickel fractions are clearly not supported by our spectra.
The combination of relatively fast rises and blue spectra, lacking ultraviolet line blanketing, shows that PTF 12dam, PS1-11ap and probably SN 2007bi are not pair-instability explosions. We suggest here one model that can consistently explain the data. A magnetar-powered supernova can produce a light curve with the observed rise and decline rates as the neutron star spins down and reheats the ejecta 13, 14, 16, 17 . It has been suggested that ,10% of core-collapses may form magnetars 14 . Although their initial-spin distribution is unknown, periods > 1 ms are physically plausible. This mechanism has already been proposed for SN 2007bi 14 , as well as for fast-declining superluminous type-I supernovae 2, 21 . We fitted a magnetar-powered diffusion model 21, 22 to the bolometric light curve of PTF 12dam (Fig. 4) , and found a good fit for magnetic field B < 10 14 G and spin period P < 2.6 ms, with an ejecta mass of ,10-16M [ . At peak, the r-band luminosities of PTF 12dam and PS1-11ap are ,1.5 times that of SN 2007bi. Scaling our light curve by this factor, our model implies a similar ejected mass for SN 2007bi, with a slowerspinning magnetar (P < 3.3 ms), comparable to previous models 14 .
If the magnetar theory is correct for normal superluminous type-I supernovae 2, 21 , our objects could be explained as a subset in which larger ejected masses and weaker magnetic fields result in slower photometric and spectroscopic evolution.
This leaves no unambiguous PISN candidates within redshift z , 2 (although possible examples exist at higher redshift 4 ). We used the properties of the Pan-STARRS1 Medium Deep Survey (PS1 MDS, with a nightly detection limit of ,23.5 mag in g,r,i-like filters 21, 23, 24 ) to constrain supernova models. a-c, We compare our ultraviolet and optical data to the predictions of PISN 7, 8, 13 and magnetar models 13 (lines in models are identified in refs 8 and 13). The absence of narrow lines and hydrogen/helium seems to make interaction-powered colliding-shell models unlikely (for example, the pulsational pair-instability; see Supplementary Information section 5.3). Model spectra are matched to the observed flux in the region 5,500-7,000 Å . a, We compare PS1-11ap to a Wolf-Rayet progenitor magnetar model (pm1p0 13 ) at peak light (model spectra at later epochs do not currently exist in the literature). The magnetar energy input is equivalent to several solar masses of 56 Ni, in ejecta of only 6.94M [ . The high internal-energy-to-ejecta-mass ratio keeps the ejecta hot and relatively highly ionized, resulting in a blue continuum to match our observations. Moreover, this energy source does not demand the high mass of metals intrinsic to the PISN scenario 7, 8 . Redward of the Mg II line at 2,800 Å , this model shows many of the same Fe III and O II lines dominating the observed spectra, although the strengths of the predicted Si III and C III lines in the near-ultraviolet are greater than those observed in PS1-11ap. We also compare PTF 12dam at peak to a 130M [ He core PISN model 7 . The model spectrum has intrinsically red colours below 5,000 Å owing to many overlapping lines from the large mass of iron-group elements and intermediate-mass elements. Our rest-frame ultraviolet spectra of PS1-11ap, and ultraviolet photometry of PTF 12dam, show that the expected line blanketing/absorption is not observed. b, PTF 12dam compared to models of 125-130M [ PISNs 7, 8 at 55 days. Although the observed spectrum has cooled, the models still greatly under-predict the flux blueward of 5,000 Å . c, PS1-11ap, at 78 days, compared to 100-130M [ PISN models 7, 8 at similar epochs. Again, our observations are much bluer than PISN models. In particular, PS1-11ap probes the flux below 3,000 Å , where we see the greatest discrepancy. 14 G and spin period P < 2.6 ms, can fit both the rise and decay times of the light curve. A large ejecta mass of ,10-16M [ is required-significantly higher than typically found for type Ibc supernovae 28 , but similar to the highest estimates for SN 2011bm 29 and SN 2003lw 30 (though well below the .80M [ expected in PISNs). In the context of the magnetar model, the parameters of our fit are consistent with the observed spectroscopic relation to super-luminous supernovae of type I. Fits to a sample of such objects using the same model 21 found uniformly lower ejected masses and higher magnetic fields than in PTF 12dam. The large ejecta mass here results in a slow light-curve rise and broad peak compared to other super-luminous supernovae of type Ic 2, 3, 21 , and would explain the slower spectroscopic evolution, including why the spectrum is not fully nebular at 200 days. The weaker B field means that the magnetar radiates away its rotational energy less rapidly, so that more of the heating takes place at later times; this gives the impression of a radioactive tail. Higher ejected mass and weaker magnetar wind may account for the lower velocities in slowly declining events. Also shown for comparison are bolometric light curves of model PISNs 7, 8 from 80-130M [ He cores (coloured lines). Although PISNs from less massive progenitors do show faster rise times, the rise of PTF 12dam is too steep to be consistent with the PISN explosion of a He core that is sufficiently massive to generate its observed luminosity. Errors bars, 61s photometry, combined in quadrature.
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the local rate of stripped-envelope PISNs. We simulated PS1 MDS observations of 80, 100 and 130M [ helium core PISN models 7 using our own Monte Carlo code 25 ( Supplementary Information section 6 ), requiring an apparent magnitude ,21 in at least one bandpass and a continuous 100-day (observer-frame) window of PS1 monitoring before considering an event a candidate PISN detection. Initially assuming a rate of 10 25 R CCSN (where R CCSN is the rate of occurrence of core-collapse supernovae 26 ) for each model, we typically find five 100M [ PISN candidates per year, at z , 0.6. The 130M [ explosions have peak near-ultraviolet magnitudes of 222, resulting in apparent r P1 and i P1 magnitudes ,20. PS1 should detect .90% of these within z , 0.6 (ten or more per year). Taking the 100M [ result, the fact that we have not detected a single transient with these properties in the three years of PS1 is inconsistent with our assumed explosion rate at a level of 3.9s (Poisson statistics). This implies a 3s upper limit on their rate (within z , 0.6) of ,6 3 10 26 R CCSN ; even allowing another factor of ,2 to conservatively cover detection issues such as bad pixels or bright nearby stars, the rate of occurrence of super-luminous PISNs of type Ic must be at least a factor of ten lower than the overall rate of type-I superluminous supernovae 12 . PS1-11ap was our best candidate for a PISN explosion, but it fails to match the models. However, our calculation suggests that almost all the lower-mass (80M [ ) PISNs would escape detection. Future searches for PISN candidates should target these fainter explosions at lower redshift (and larger volumes), or the more luminous candidates at z . 1.
We conclude that the classification of some slow-fading superluminous supernovae 12 as radioactively driven is not supported observationally, and propose that these events can be united with virtually all known type-Ic super-luminous supernovae into a single class. Magnetarpowered models can explain their brightness and colours, and account for their diversity. The low upper limit we find for the rate of very massive PISNs reduces their potential impact on cosmic chemical evolution within z = 1. This relieves possible tension between their proposed existence in the nearby Universe, and the lack of detected chemical enrichment signatures in metal-poor stars and damped Lyman-a systems 27 .
Online Content Any additional Methods, Extended Data display items and Source Data are available in the online version of the paper; references unique to these sections appear only in the online paper. 
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In this Letter, we have identified an important error affecting Fig. 4 and Extended Data Fig. 6 , as well as the values of some parameters derived from our model fits. We stress that this error in no way affects the discussion or the conclusions. In building the bolometric light curve of the superluminous supernova PTF 12dam, our code assumed that photometry from the Swift satellite was calibrated in the Vega magnitude system. However, our photometry was actually calibrated to the AB magnitude system (and published in the AB system in the original paper). This led to an underestimate of approximately 50% in the measured peak luminosity of PTF 12dam.
Here we present updated figures and model fits with the correct bolometric luminosity. To construct the bolometric light curve, we transformed the Swift data into Vega magnitudes, and then converted all photometry to fluxes. At epochs with the full range of UVW2 to K band, we simply integrated over the observed spectral energy distribution. At epochs with missing filters, we accounted for the unobserved flux by fitting blackbodies to the available data. We also compared our blackbody extrapolations against polynomial fits to the ultraviolet and near-infrared light curves, finding consistent results.
This should be more reliable than our previous extrapolation method, which assumed linear colour evolution over 40 days. If anything, the improved bolometric light curve strengthens our main conclusionthat PTF 12dam was not a pair-instability supernova-because the brighter light curve peak results in an even steeper rise to maximum. It is important to note that the large discrepancy compared to pairinstability models does not rely solely on bolometric comparisons: the difference was clearly apparent in the r-band light curves in our original Fig. 1 . Therefore this is a robust result independent of any time-varying bolometric correction.
Our secondary conclusion-that spin-down of a nascent magnetar can satisfactorily explain the observed properties-also remains intact. The parameters of our magnetar-powered fit to the corrected bolometric light curve shown in Fig. 1 of this Corrigendum (the corrected original Fig. 4) remain within a sensible range and are as follows: magnetic field B = 5 × 10 13 G; spin period P = 2.3 ms; and ejecta mass M ej = 7M ⊙ (where M ⊙ is the solar mass) for an opacity κ = 0.1 cm 2 g −1 and explosion energy E = 10 51 erg. Our suggestion that a relatively lower spin period and larger ejected mass can explain the existence of these long-duration superluminous supernovae is unchanged.
In Extended Data Fig. 6 , we showed that decay of radioactive nickel-56 could not explain the observed light curve. This remains true for the corrected light curve, which is shown in the Supplementary Information to the Corrigendum. The unrealistic parameters required to model the data with nickel as the power source are listed below the figure.
We thank P. Vreeswijk for initially pointing out a discrepancy between our light curve and his own results. M.N. identified the source of the discrepancy. The original Letter has not been corrected.
Supplementary Information is available in the online version of the Corrigendum.
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